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We show that at 2786 kg, the largest known mar-
supial, Diprotodon optatum, was much larger than
has previously been suggested. Our results contra-
dict the conclusion that the maximum attainable
body mass of an Australian marsupial has been con-
strained by low productivity.
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1. INTRODUCTION
Body mass is fundamental to interpretations of biological
patterns and its reliable prediction for fossil species has
become increasingly important in the analysis of past eco-
systems (Janis 1990; Van Valkenburgh 1990; Alexander
1998; Fariña et al. 1998; Wroe et al. 2003a). Historically,
estimates for body mass in fossil taxa have been determ-
ined subjectively, often producing widely divergent figures
that can vary by an order of magnitude (Wroe 2002; Wroe
et al. 2003a). Consequently, palaeoecologists have
increasingly turned to quantitative approaches. Empirical
methods, commonly based on regressions of craniodental
and body mass data in extant taxa, are now available for
many fossil placentals (Janis 1990; Van Valkenburgh
1990; Christiansen 1999a). In recent years, predictive
equations for fossil marsupials have also been developed
(Myers 2001; Wroe et al. 2003a). However, because living
marsupials do not exceed ca. 85 kg, the efficacy of
methods derived from craniodental data is questionable
where this figure is much surpassed (Wroe et al. 2003a).
This is especially problematic regarding the largest known
marsupial, Diprotodon optatum, and the body mass of this
species is of particular significance because it strongly
impacts on interpretations of Australian prehistory and
ecology (Milewski & Diamond 2000; Burness et al. 2001;
Wroe et al. 2003a,b).

A recent study wherein the body masses of the single
largest herbivore and carnivore species on various land-
masses were regressed against landmass area, found that
D. optatum was unexpectedly small (Burness et al. 2001).
This finding incorporated a subjectively determined esti-
mate for mean body mass of 1175 kg. Burness et al. (2001)
concluded that uniquely low productivity had probably
constrained the maximal body mass attainable by an Aus-
tralian marsupial, a proposition first made by Flannery
(1994), who further posited that low productivity had gen-
erally limited mammalian body masses on the island conti-
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nent. Body mass also correlates negatively with population
size and fecundity, both of which impact on assessments
of vulnerability to climatically or anthropogenically driven
extinction (Johnson 2002).

Subjective inferences of body mass and comparisons of
general morphology in D. optatum range widely, from
comparisons with bullocks (Long et al. 2003) to rhi-
noceroses (Archer et al. 1994). A mounted Australian
Museum specimen has a head–body length of 3.7 m (A.
Musser, personal communication). In life, this animal
would have exceeded 4 m because cartilaginous tissue,
which is lost in fossils, amounts to ca. 20% of pre-sacral
vertebral column length (Finch & Freedman 1986). How-
ever, even 3.7 m exceeds the head–body length of any
extant bovid (Nowak & Paradiso 1983). Diprotodon was
massive, and Hippopotamus or rhinoceros species are more
appropriate analogues. Maximal head–body length and
body mass in the hippopotamus (Hippopotamus amphibius)
are 4.6 m and 4500 kg, respectively (Nowak & Paradiso
1983). For the largest rhinoceros (the white rhinoceros,
Ceratotherium simum), these dimensions are 3.77 m and
3600 kg (Groves 1972). The mean body masses are
1405 kg for H. amphibius (Smithers 1983) and 2000 kg
for C. serum (Bourlière 1965). With a mean body mass of
1000 kg, the black rhinoceros, Diceros bicornis, is closest to
the estimate used by Burness et al. (2001). This smaller
species has a head–body length of 2.80–2.90 m, and a
maximum body mass of 1300 kg (Happold 1987;
Hillman-Smith & Groves 1994).

2. MATERIAL AND METHODS
Body mass predictions founded on minimum mid-shaft circumfer-

ences of the femur and humerus (Ch�f ) offer greater accuracy than
those using craniodental data and are less constrained by phylogen-
etic differences (Anderson et al. 1985). To estimate mean body mass
in D. optatum, we measured Ch�f in 18 quadrupedal marsupials of
known body mass and combined these data with those taken for 32
placentals that ranged up to 5879 kg (Anderson et al. 1985; see elec-
tronic Appendix A available on The Royal Society’s Publications Web
site). We then generated a predictive equation using Model I
regression and holding body mass as the dependent variable (figure
1). A smearing estimate (SE) was calculated to correct log-
transformed results for transformation bias (Smith 1993). To test for
phylogenetic effects, we also compared the relationship between Ch�f

and body mass in 17 quadrupedal marsupials with that of 15 pla-
centals within the same size range (less than 44 kg). Slopes derived
from the regressions of log-transformed marsupial and placental data
were compared using Student’s t-test (Zar 1984). Our estimate of
mean body mass in D. optatum (n = 17; see electronic Appendix B)
was compared with predicted maximal mean body mass (MMBM)
for endothermic herbivores based on landmass area, i.e. MMBM
(endothermic herbivore) = 0.47 × (landmass area)0.52 (Burness et al.
2001).

3. RESULTS
The mean Ch�f for D. optatum was 530 mm

(s.e.m. = 1.05). At 2786 kg, our resultant prediction of
mean body mass greatly exceeds that of previous estimates
(95% CI of 3417 kg to 2272 kg). The average Ch�f in D.
optatum was much larger that that of the two closest indi-
vidual extant placentals, an H. amphibius (Ch�f = 417 mm,
body mass = 1950 kg) and an American bison (Bison bison)
(Ch�f = 359 mm, body mass = 1179 kg). This is also much
greater than mean Ch�f for C. simum (455 mm, n = 7; see
Christiansen 1999b), an animal with an average adult
body mass of 2000 kg.

Slopes were significantly different between marsupials
and placentals with masses of less than 44 kg (t = 3.389,
d.f. = 29, p � 0.005). Because the slope for marsupials was
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Figure 1. Regression of body mass with minimum
circumferences of the humerus and femur (Cf�h) in 32
placental and 18 marsupial quadrupeds; log (body
mass) = �1.42 � 2.89 log (Ch�f ); r 2 = 0.99.
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Figure 2. Regressions of body mass with minimum
circumferences of the humerus and femur (Cf�h) for 18
marsupials (squares) and 15 placentals (triangles), all with
body masses of less than 44 kg. The slope is significantly
greater for marsupials (3.32) than for placentals (2.74); r 2

values are 0.97 and 0.99, respectively.

higher (3.32 versus 2.74), we infer that methods incorpor-
ating data from placentals, such as those presented here,
may underestimate body mass in marsupials (figure 2).

The predicted MMBM for an Australian endothermic
herbivore based on landmass area (7 682 000 km2) was
1788 kg. Marsupials consume ca. 20% less food than pla-
centals of equal body mass (Burness et al. 2001). Cor-
recting for this lower food intake gives a predicted
MMBM of 2235 kg for Australian marsupials. After
allowing for lower consumption, D. optatum is 25% larger
than expected. Operating on the same premise, consider-
ation of 95% confidence limits places the mean body mass
in D. optatum at between 53% and 2% higher than pre-
dicted on the basis of landmass area.
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4. DISCUSSION
We conclude that body mass in the Late Pleistocene

giant, D. optatum, has previously been underestimated.
These findings contradict the assertion that uniquely low
productivity has constrained the MMBM attainable by
Australian marsupials, but marginally strengthen the cor-
relation between MMBM of endothermic herbivores and
landmass area (r2 changes from 0.74 to 0.75).

The relationship between productivity and body mass
is not necessarily simple or linear. Large body mass can
be a response to highly seasonal, relatively unproductive
conditions (Owen-Smith 1988). Similarly, the relationship
between species richness and productivity can be linear,
bimodal or unimodal (Wroe 2002). Discovering whether
productivity or other uniquely Australian influences have
more generally limited the body masses of the continent’s
marsupials will require further empirical tests.
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